The possibility that selective serotonin reuptake inhibitors (SSRIs) may elicit or aggravate suicidal ideation 1 remains controversial, some claiming such an effect to be relatively common, 2,3 others finding merely weak 4 or no [5] [6] [7] [8] [9] [10] [11] support for it, and yet others suggesting the net effect of SSRIs on suicidality to be beneficial. [12] [13] [14] [15] [16] [17] One strategy to shed light on this issue is to investigate the frequency of actual suicides or suicide attempts in patients receiving SSRIs or placebo, respectively, in controlled trials. Interpretation of this kind of data is, however, rendered difficult because of the rarity of relevant events and uncertainty with respect to how possibly relevant events have been classified; 18 moreover, the literature on this issue is far from unanimous, some reporting suicide and suicide attempts to be more common in individuals taking SSRIs 3 and others not finding such a difference. 8, 9, 11 Another strategy to assess the possible suicide-provoking effect displayed by SSRIs in placebo-controlled trials, which could be regarded as complementary to the investigation of actual suicides or suicide-related adverse events, is to analyse the effect of treatment on rating-scale-assessed suicidal ideation in individual patients. 7, 12, 13 Using this strategy, one may both obtain a measure of the net influence of treatment on suicidality at a group level as well as detect individual cases of emergence or aggravation of suicidal ideation. Whereas analyses of rating-scale-assessed suicidality have been published regarding fluoxetine 12, 13 and venlafaxine 13 there has, to the best of our knowledge, not been any comprehensive analyses regarding the effect of other serotonergic antidepressants on suicidality using this approach. We therefore decided to analyse patient-level data from all Food and Drug Administration (FDA)-registered, industry-sponsored, Hamilton Rating Scale for Depression (HRSD)-based, placebo-controlled trials that have been conducted to evaluate the effects of citalopram, paroxetine and sertraline in adults with depression, with respect to the effect of treatment on suicidal ideation as assessed using item 3 of the HRSD. 7 Prompted by the suggested importance of age for a possible suicide-provoking effect of SSRIs, children, adolescents and young adults tentatively being more prone to experience SSRI-elicited suicidal ideation, 13, [19] [20] [21] [22] all analyses were carried out separately in patients aged 18-24 (young adults) and those aged 25 and above (adults).
Method Data acquisition and participants
We requested and obtained patient-level symptom rating data for all industry-sponsored, HRSD-based, FDA-registered placebo-controlled studies undertaken to explore the effects of citalopram, paroxetine or sertraline in major depression in adults. By inspecting the FDA approval packages [23] [24] [25] [26] we could confirm that we had access to all pertinent studies with the exception of three small trials that had been prematurely terminated: GSK/07 (n = 25), LB/86A (n = 24) and LB/87A (n = 34). In addition, GSK and Pfizer provided patient-level data from ten post-registration or post-marketing trials that were also included in the analyses. In three studies (GSK/115, GSK/128 and PZ/111), an SSRI, fluoxetine, had been used as the active comparator; patients receiving this drug were also included in the analyses whereas patients given a non-SSRI comparator were not. The trials included in the analyses are presented in supplementary All analyses were undertaken using data that had been pooled, SSRI (regardless of drug and dose) and placebo constituting the groups to be compared. Except for when otherwise stated, young adults (18-24) (n = 537) and adults (≥25) (n = 7725) were analysed separately. The Regional Ethical Review Board of Gothenburg, Sweden issued an advisory opinion stating no objection to the conduct of this study.
Analyses of effects of treatment on mean item 3 rating
The effect of treatment on the mean rating of suicidal ideation (HRSD item 3) was analysed using a linear mixed model with study, treatment, time (week) and the time × treatment interaction as categorical predictors and baseline rating as a covariate. The correlated observations were modelled as a repeated effect using an unstructured covariance matrix. All post-baseline weekly ratings up to and including week 6 were included in the model. Two sensitivity analyses were undertaken: (a) a last-observation-carriedforward ANCOVA with treatment and study as fixed factors and baseline rating as a covariate (intention-to-treat (ITT) group) and (b) an analysis only comprising patients discontinuing before the end-point assessment using the same ANCOVA model (drop-out group). Additionally, we compared the baseline ratings of suicidal ideation between age groups, regardless of treatment (supplementary Fig. 1(a) ), and also between treatments within age groups at baseline using t-tests.
Prompted by apparent differences in response patterns between the two age groups, we performed two additional follow-up analyses in order to compare participants aged 18-24 with those ≥25 years of age with respect to suicidal ideation at the end-point and at the last available observation (supplementary Fig. 1(b) and (c)). For these analyses an ANCOVA model with age group, treatment and the interaction between age group and treatment as fixed factors, and the baseline rating of suicidal ideation as a covariate, was used.
Analyses of effects of treatment on the prevalence of item 3 aggravation
To explore the risk of experiencing an increase in suicidal ideation, three categorical definitions of deterioration were explored: (a) a higher rating of item 3 during treatment than at baseline ('worsening'), (b) an item 3 rating of 2-4 during treatment in a participant with a rating of 0 or 1 at baseline ('emergent suicidality: loose definition') 27, 28 and (c) an item 3 rating of 3-4 during treatment in a participant with rating of 0 or 1 at baseline ('emergent suicidality: strict definition'). 29, 30 Patients that because of their baseline score were unable to experience deterioration according to each definition were excluded from the corresponding analyses. For each of the three definitions of deterioration, differences between treatment groups in participants aged ≥25 and 18-24, respectively, were assessed using Kaplan-Meier procedures.
Since some reports suggest the risk for an SSRI-induced increase in suicidal ideation to be at its highest shortly after the onset of treatment, separate analyses were conducted for the early phase of treatment (weeks 1-2) and for the remainder of the treatment period (weeks 3-6), respectively using logistic regression. Patients that, because of their baseline score, were unable to experience deterioration according to each definition were excluded from the corresponding analyses; participants who dropped out who were unable to show deterioration because of lacking an HRSD evaluation were similarly excluded. Moreover, we assessed the risk of deterioration in patients dropping out before the end-point visit. The model included treatment and study as fixed factors and the baseline rating as a covariate; however, we also provide the unadjusted odds ratios resulting from only including the treatment factor.
Finally, we wished to investigate whether emergent suicidality in patients treated with SSRIs may be dissociated from other symptoms of depression to a larger extent than in those given placebos. SSRItreated patients with emergent suicidality (both definitions) were compared to placebo-treated patients with emergent suicidality with respect to two different assessments at the visit when emergent suicide was first recorded (regardless of when this visit occurred): (a) the rating of the depressed mood item on the HRSD scale and (b) the sum rating of all HRSD symptoms. These analyses were undertaken using t-tests (supplementary Tables 2 and 3 ).
Software used
SAS for Windows, version 9.4 was used to analyse treatment effects on item worsening and item mean scores. SPSS for Mac, version 21 was used for all other statistical procedures.
Results

Effects of treatment on mean item 3 rating
In the adult population, the mean rating of suicidal ideation was significantly lower in the patients taking SSRIs than in those given placebos from week 1 and onwards ( Fig. 1(a) ). In young adults, the mean rating of suicidal ideation was significantly lower in those receiving an SSRI at week 1 but not at subsequent visits ( Fig. 1(b) ). These findings were mirrored by the results in the two sensitivity populations. Thus, with respect to adults, both the intention-to-treat and the drop-out groups showed significant improvements for patients taking SSRIs of roughly the same magnitude as that obtained in the end-point analysis ( Fig. 1(a) ). For young adults, there were no significant differences between groups in either of the sensitivity populations ( Fig. 1(b) ).
The comparison of young adults with adults revealed young adults to score slightly but significantly higher on suicidal ideation at baseline (effect size (ES) = -0.15, P = 0.001) (supplementary Fig. 1(a) ). The analysis addressing the effect of age and treatment on end-point rating of suicidal ideation revealed a significant (P = 0.009) interaction; whereas there was little difference in rating between young adults and adults taking SSRIs, placebo-treated young adults displayed significantly lower ratings than placebotreated adults (supplementary Fig. 1(b) ). The analysis based on the last available observation found similar results (interaction P = 0.04) (supplementary Fig. 1(c) ).
Effects of treatment on the prevalence of item 3 aggravation
The results of the Kaplan-Meier survival analyses are summarised in Fig. 2 . In patients aged 25 and above, the risk for suicidal worsening and suicidal emergency (loose definition) was lower in those on an SSRI than in those on placebo; in contrast, there were no significant differences with respect to the strict definition of emergent suicidality. In participants below the age of 25, there were no significant differences between treatment groups.
The logistic regression regarding participants ≥25 years of age revealed those treated with an SSRI to be less likely to report worsening of suicidal ideation or emergent suicidality (loose definition) than those given placebo when considering weeks 1-2 and weeks 3-6 separately, as well as when including only those patients who did not complete their respective trials (Table 1) ; again there were, however, no significant differences between groups when emergent suicidality was more strictly defined.
In young adults, those given an SSRI were at enhanced risk for worsening of suicidal ideation (in the unadjusted analysis) or emergent suicidality (loose but not strict definition) during the late (weeks 3-6) but not the early phase (weeks 1-2) of treatment. There were no significant differences between treatments in young adult who did not complete treatment (Table 2) .
Neither in young adults nor in adults did we obtain support for the possibility that emergent suicidality would be dissociated from depression severity to a greater extent in the patients taking SSRIs than in those taking placebo (supplementary Table 2 and 3).
Discussion
Main findings
In patients above the age of 24, SSRIs were found to reduce the mean rating of the HRSD suicidality item from week 1 until study endpoint and also to reduce the risk for aggravation of suicidal ideation and emergent suicidal behaviour. Although it, nevertheless, cannot be discounted that SSRIs in rare cases may exert a suicide-provoking effect in this age group, this study provides no support for this assumption, but strong support for the view that the net effect of SSRI treatment is beneficial rather than harmful. These results are congruent with previous reports showing two other drugs exerting a marked influence on the serotonin transporter (i.e. another SSRI, fluoxetine 7, 12, 13 and a serotonin and noradrenaline reuptake inhibitor, venlafaxine 13 ) to reduce rather than enhance HRSD-rated suicidal ideation in placebo-controlled trials. Likewise, they are congruent with register-based epidemiological reports suggesting Placebo SSRI Fig. 1 Rating of suicidality over 6 weeks for patients aged (a) ≥25 and (b) 18-24.
Also shown are the intention-to-treat (ITT) group (last observation carried forward) and the rating of the last visit available for patients dropping out (drop-out group). HRSD, Hamilton Rating Scale for Depression; ES, effect size; SEM, standard error of the mean; SSRI, selective serotonin reuptake inhibitor.
that SSRIs prevent suicide attempts and with analyses of temporal associations between changes in SSRI prescription and suicide frequencies. 14, 16, 17, 31 Age differences in our material
Our decision to split the population into those aged 18-24 years on the one hand, and those ≥25 years of age on the other, was prompted by the frequent claim that a suicide-provoking effect of the SSRIs may be more common in children, adolescents and young adults 13, 19, 22 than in older individuals; in line with this notion, the FDA and the European Medicines Agency have released controversial 32 black box warnings regarding prescribing these drugs to individuals below 25 years of age. Although the effect of SSRIs on suicidal ideation in children is beyond the scope of the present paper, in all included trials dealing with depression in adults it is notable that we observed neither a beneficial nor a harmful effect of SSRIs on HRSD-assessed suicidal ideation at the end-point in participants between 18 and 24 years of age. Likewise, when considering the entire study period, there were no significant differences between treatments with respect to KaplanMeier survival curves. However, when individuals with an increase in item 3 rating were analysed using logistic regression, both worsening of suicidal ideation and suicidal emergency (when defined using the less stringent criteria, but not when more strictly defined) were more common in young adult patients taking SSRIs in the later stages of treatment; no corresponding effect was, however, observed during the first 2 weeks or in the drop-out group. Although this possible sign of an SSRI-induced aggravation is noteworthy, the high number of tests conducted, combined with the relatively weak level of significance, necessitates that this finding be interpreted with caution. On the other hand, it should be considered that the number of participants, and hence the statistical power, was considerably lower in the group of young adults.
The baseline rating of suicidal ideation was slightly higher in young adults than in adults (P = 0.001) (supplementary Fig. 1(a) ). Suicidal ideation in young adults, however, declined, irrespective of treatment, to be roughly on par with that of adults treated with SSRIs at the end-point and at the last available observation (supplementary Fig. 1(b) and (c) ). The major difference between the two age groups with respect to the effect of treatment hence appears to be that young adults are more inclined than older participants to display reduced suicidality at the end-point when given placebo, rather than less inclined to do so when given an SSRI. Although our results thus provide no strong support for suicidal aggravation being a common phenomenon in young adults, they also do not provide support for an antisuicidal effect of the SSRIs in this age group. However, with respect to both age groups, it should be taken into consideration that participants with marked suicidality at baseline are usually excluded from participating in placebo-controlled trials; the number of participants with a baseline rating of 3 or 4 on the HRSD suicide item (rated 0-4) was thus <6%. Although this caveat probably renders it more difficult to detect a suicidality-reducing signal, it also renders this data-set unsuitable for exploring the possibility that SSRIs may enhance proneness for suicide in individuals displaying marked suicidal tendencies before treatment.
Interpretation of our findings
The alleged suicide-provoking effect of SSRIs has often been described not as a manifestation of aggravated depression but as a distinct and specific phenomenon. 1 Tentatively, such an effect might be masked by the antidepressant effect of SSRIs making fewer participants in this group display emergent suicidality because of aggravated depression. If this were the case, it could be expected that the participants in the placebo group who reported emergent suicidality would display higher ratings of other symptoms of depression than those displaying emergent suicidality in patients taking SSRIs, suicidal ideation in the former being more closely related to depression severity. We, however, obtained no support for the possibility that suicidal emergency in people taking SSRIs should be different from suicidal emergency in those given placebo in terms of depression severity (supplementary Tables 2 and 3 ). Given that it is often claimed that the beneficial effect of SSRIs requires weeks of treatment, it is of note that a small but significant reduction in suicidal ideation was observed in adults treated with SSRIs after just 1 week of treatment; likewise we have previously reported on a reduction in depressed mood and psychic anxiety at week 1 in reports based largely on the same patient population. 33, 34 The mechanism of action for these effects is hence not likely, as sometimes suggested, to be one that requires weeks of treatment to set in.
It should be underlined that the aim of this study was not to explore the possible influence of SSRIs on suicidal behaviour but merely on suicidal ideation as assessed using item 3 of the HRSD. Whereas some insight into suicidal behaviour might have been achieved by analysing those given a score of 4 for this item, which often (but not necessarily) indicates that an actual suicide attempt has taken place, such an approach was not feasible given the paucity of such events (placebo: 0.1%, SSRI: 0.1%).
Limitations
Four limitations of this study should be mentioned. First, the analyses were based on trials in adults (of whom only a small minority were below 25 years of age) and this allows no conclusions with respect to the much-debated issue of a possible influence on suicidal ideation in children and adolescents. Second, it should be acknowledged that item 3 of the HRSD is likely not an optimal instrument for measuring proneness for suicide; on the other hand, single-item assessments have been found to show predictive validity in high-risk groups 35 and the suicide item of the HRSD has been shown to correlate reasonably well with established suicide rating scales. 36 Moreover, the results obtained indicate this measure to be sufficiently relevant to detect a significant difference between the two treatments as early as after 1 week of treatment.
Third, whereas we found no strong support for SSRIs exerting a suicide-provoking effect in either of the two age groups, and strong support for SSRIs causing a net reduction in suicidal ideation in those ≥25 years of age, it obviously cannot be excluded that SSRIs did enhance suicidal ideation in some participants while dampening it in others, the net effect being that of a reduction in suicidal ideation in spite of the fact that some may have reacted negatively to active treatment. Comparing the two treatment groups with respect to depression severity, however, did not provide support for the assumption that this phenomenon should be dissociated from the underlying disorder in the participants taking SSRIs. Fourth, assessing suicide-related adverse event data, which might have provided complementary information of interest, was not part of the design of this study; such information for the trials included has already been scrutinised in previous publications. 8, 9 In summary, these results confirm previous reports suggesting the net effect of administration of SSRIs in individuals with depression ≥25 years of age, with relatively low ratings of suicidal ideation at baseline, is to reduce rather than increases the risk of suicidal ideation. The outcome in young adults was less clear-cut; although there were some indications that SSRIs might exert beneficial effects in the early phase and harmful effects in the late phase of the trials, both SSRIs and placebo resulted in an end-point rating of suicidality equal to that observed in adults given an SSRI and lower than that observed in adults given placebo.
